ABSTRACT
demand by all denitrification steps, therefore discounting electron competition among these 38 steps. ASM-ICE therefore offers a better tool for predicting and understanding intermediates 39 accumulation in biological denitrification.
INTRODUCTION

45
Denitrification is an important process of the global nitrogen cycle. Nitrate reduction consists 46 of four consecutive reduction steps, with nitrite (NO2 -is increasingly recognised that N2O accumulation should also be modelled, especially due to 75 its detrimental influence on the atmosphere (Ni et al. 2011 ). It has been proposed to achieve 
MATERIALS AND METHODS
114
Mathematical models for denitrification
115
The kinetic and stoichiometric matrices describing the nitrogen reduction and the carbon 116 oxidation processes for the two mathematical models are presented in Table 1 carbon are "directly coupled" in a single oxidation-reduction reaction with a process 133 stoichiometry based on electron balance (i.e. I-R1, I-R2, I-R3, I-R4). In particular, the role of 134 carbon oxidation in denitrification is reflected through the following two aspects: 1) the 135 affinity constants for carbon source of each denitrification step ( 1
2) the overall carbon oxidation rate is modelled as the sum of the four 137 denitrification steps. The underlying assumption of this modelling approach is that carbon 138 oxidation is always able to meet the demand for electrons by all the four denitrification steps.
139
However, in reality, carbon oxidation could be the rate-limiting step, affecting the Wisconsin). The N2 gas was monitored using a mass spectrometer. " Nitric oxide and N2O
201
were not measured in the experiment. nitrite and acetate were monitored, along with the production rate of nitrogen gas (N2). Calif.). Nitrate, nitrite, and acetate were measured using an ion chromatograph (IC)
238
(DionexModel DX-300, AS-10 column, Dionex Corp., Sunnyvale, Ca-lif.). Nitric oxide and
239
N2O were not measured in the experiment. The measured nitrate reduction rates under the four different conditions in batch test Set B 273 (Table 3) are shown in Figure 2- In the second case, the denitrification dynamics by a full-scale activated sludge fed with Figure 3 . No N2O accumulation was observed throughout the 296 experiment, and the N2O concentration predicted by both models was also negligible.
298
The experimental results showed that nitrate was reduced but nitrite accumulated in the first 299 0.3 hour. After the depletion of nitrate, nitrite was then reduced (Figure 3-a1 & a2) . COD was 300 consumed during nitrate and nitrite reduction (Figure 3-b1 & b2) . The N2 production rate was 301 around 22 mg N/hour when both nitrate and nitrite were present, and increased to around 28 302 mg N/hour when only nitrite was present (Figure 3-c1 & c2) .
304
The ASMN model captured the trends of nitrate and nitrite reduction (Figure 3-a1) , and the 305 trend of acetate consumption (Figure 3-b1) . However, the fitting errors between the model 306 predictions and experimental data were relatively large. These errors can be clearly seen in (Figure 4-d1) .
327
The predicted NO3 -reduction rate was significantly higher than the predicted NO2 -reduction 328 rate, being inconsistent with the experimental observation. In addition, the predicted N2O 329 reduction rate was significantly lower than the experimentally observed N2O reduction rate. 
Modelling of intermediates dynamics in denitrification 344
In this work, the two distinct concepts of four-step denitrification models (ASMN and ASM- 
457
The ASM-ICE model is expected to provide strong support to both future experimental 
